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I . INTRODUCTION 


The proposed solar power satellite (SPS) will deliver its power 
from geosynchronous orbit to an earth station via a microwave beam at 
2.45 GHz. A phased transmitting array will focus the beam on the receiv- 
ing array. The reference for phasing the transmitting antenna is 
derived from a phase locked loop, which includes an uplink of the 
received power phase called the pilot signal. This system was proposed 
to achieve the high degree of pointing accuracy required and as a safety 
feature to cause the transmitting array elements to become randomly 
phased if the power beam drifts off the receiving site. 

Because the pilot signal will travel the same path as the power 
beam, there is concern that phase noise will be imposed on this signal 
as it passes through the ionosphere, especially since the region of the 
ionosphere it traverses may be modified by the power beam. It is the 
objective of this study to obtain data on the ionospheric turbulence 
generated by the power beam and relate that to Induced phase noise on the 
2.45 GHz pilot beam. 

It is not possible to duplicate the SPS configuration with currently 
available equipment. However, it was possible to take data from the 
ionosphere heated by the facility at Platteville, Colorado. This 
facility can broadcast 1.8 MW of power in a 11° conical beam. To 
relate the effects of the Platteville heater to the SPS, some adjust- 
ments for the differing frequencies and power densities are required. 

The SPS will have i 5 GW beam passing through a 10 km dlam circle, 

n 

giving an average power density of 64 W/m , whereas the Platteville 

2 

facility will have a maximum power density of 300 iiW/m at 300 km, 
a difference of five orders of magnitude. However, the lieating is 
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expected to frequency ticale ns 1/f or 1/f", depending on Che processes 

involved. Thus, the Plattevllle facility operating at 10 MHz can 

2 

simulate between 2U and AOOO W/m at SPS frequencies, depending on the 
scaling. 

One Important factor in this comparison Is the relative values of 
the peak plasma density and the heating frequency. In the SPS case, 
the heating frequency will be much greater than the highest possible 
ionosphere plasma frequency. When the heating frequency is at or below 
the peak plasma frequency, large quantities of energy are deposited in 

9 

the ionosphere by resonant mechanisms." This must be avoided in the 
current experiment if we are to obtain a valid comparison, using what- 
ever scaling laws prevail. Unfortunately, the Platteville facility was 
limited to 10 MHz and below during the time this experiment was conducted. 
Thus data could only be acquired at night, when the plasma frequency was 
below 10 MHz. Due to the high level c'f solar activity, the operational 
frequency of 9.9 MHz was only 1. 2-1.8 times the plasma frequency during 
data acquisition. The proximity of the heater frequency to the plasma 
frequency may make these data difficult to extrapolate to SPS frequencies. 

The experiment consisted of monitoring the Doppler frequencies on 
the coherent UHF and VHP frequency pairs on the Navy navigation satel- 
lites and the GEOS-C geodetic satellite. These satellites are all in 
near-earth orbit at an altitude of about 1000 ki.i and have orbital periods 
of about 105 min. Ground sites were chosen such that the line of sight 
(LOS) passed through the heating beam. Measurement of the differential 
Doppler allowed the rate of change of the columnar content to be 
measured. Since the satellite, and hence the LOS, w?re moving very 
rapidly, the ionospheric electron density turbulence could be measured 
as a function of space. 

The initial objective was to acquire about ten satellite passes, 
probing the beam at various altitudes. The data were to be recorded on 
magnetic tape with a chart recorder as a backup. A component in the 
tape recording system was damaged in shipment and never functioned 


2 



correctly despite efforts to repair it in the field. A backup recording 
system was used for a time, and electron columnar content data from 
three heating passes were obtained with 200 Hz time resolutions. This 
system recorded only the differential Doppler. Chart recordings were 
obtained on all passes, but only the amplitude data are calibrated. 


II. EXPERIMENTAL CONFIGURATION 


A. Geometry 

One of the principal advantages of using the Platteville site over 
Arecibo for this experiment was the availability of receiver sites. Pre- 
dictions of satellite positions for the experimental period in late 
April 1980 were used to pick sites that were effectively on the path of 
the shadow of the heater beam as projected by the satellite. Four sites 
were chosen which had a reasonable variety of passes from which to probe 
the heater beam. These sites are listed in Table I and shown schematically 
in Fig, 1. 

The heater beam has a beamwidth of 11.5° at 10 MHz, and all these 
experiments used a heating frequency near that value. The diameter of the 
beam is 60 kn at an altitude of 300 km. A circle of that diameter is 
also shown in Fig. 1. Due to the earth's magnetic field, the actual energy 
may have deviated 10 km north or south of the heater beam at 300 km, 
depending on the polarization. 

The magnetic field over the heater has a dip angle of 67.6° and an 
azimuth of 12.6° at 300 km altitude. These angles vary only a fraction 
of a degree over a 200 km altitude range and over a 100 km horizontal 
extent. 

In addition to the data acquired by ARL:UT, differential Doppler 
data were collected by the permanent Tranet II station at the Physical 
Science Laboratory (PSL) , New Mexico State University, located at 
Las Cruces, New Mexico. While it is possible for PSL to view the heater 
beam above 80 km altitude, the elevation angles to the heated region are 
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TABLE I 








very low, e.g., 16** to an altitude of 350 kai. '^.tese data are useful, 
however, as background data and for the observation of very large scale 
effects. 

B. Electronics 


A diagram of the major components in the ground systeir. is shown 
in Fig. 2. The cassette tape recording was intended to be the primary 
data. In addition, the data were recorded on a strip recorder and paper 
tape, which is the original data format for the commercial receiver 
used. 


The data were acquired with a modified version of a geocelver built 
by Magnavox and designed to receive either 150 ^^Hz/A00 MHz or 
162 MKz/324 MHz pairs of signals originating on satellites. The data are 
partially processed internally and the number of UHF Doppler counts, 
the number of refraction correction counts (discussed below), and the 
time are punched on paper tape about every 30 sec. The unit used by 
ARL;UT had been modified to record paper tape data at a 10 sec interval 
and to bring out Internal signals which allow better resolution of 
ionospheric parameters. 

The geocelver subtracts a harmonic of a stable crystal from the 
UHF (400 MHz/324 MHz) signal leaving only the Doppler shift riding on 
a small offset frequency of a few kilohertz. The local oscillator 
signal for the VHF signal is another harmonic of the same oscillator, 
and the ratios of these harmonics Is the same as that of the received 
signals. In addition to this VHF harmonic, the Doppler of the UHF signal 
scaled down by the frequency ratio is subtracted from the VHF signal. 

The resulting signal would be at dc (in reality, a 2.5 MHz reference 
carrier) if there were no dispersion. .c cycles of the difference 
between the 2.5 MHz reference and the VHF processed signal are counted. 
This number is then multiplied by 1/8 for the 400/150 MHz system or 
1/2 for the 324/162 MHz system to give the refraction correction 
count (RCC). 


H 




FIGURE 2 

SYSTEM CONF I Gt 'RATION 
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Tlie RCC is a direct measure of the change in columnar electron 
content over the counting interval as shown in the appendix. However, 
the time resolution is not adequate for a detailed examination of 
ionospheric turbulence. Accordingly, the analog signal on the 2.5 MH 2 . 
carrier and the 2.5 MHz carrier are brought out of the receiver and fed 
into a phase comparator which outputs a dc level proportional to the 
phase dllference. This geoceiver refraction interface module outputs 
three signals: the positive phase (active when the data lead the 

reference), ‘-.he negative phase (active when the data lag the reference), 
and a composite of the two, A history of the direction of the phase 
difference ij maintained over several cycles and the sign of the differ- 
ence signal followed through complete cycles. The output for a constant 
frequency difference would be a sawtooth on one of the separated 
channels and the composite. Inverting the sign of the frequency differ- 
ence would change the output of the separated signals and the polarity 
of the composite signal. In addition to the phase data, the AGC voltages 
were brought out of the geoceiver. 

These two AGC's, the composite phase signal, and the time signal 
from WWV were all recorded on a casset:;e tape recorder. The four 
channels were multiplexed with a unit built at ARL.'UT. The WVW signal 
was diit;cLly recorded in the 0-1500 Hz band. The other signals were 
double sideband modulated on carriers at 3 kHz, 4.5 kHz, and 6 kHz, and 
the channels bandlimited to 200 Hz. A 9 kHz reference signal was 
also recorded. A complementary demodulator unit was also built by 
ARL:UT. 


In addition to the data recorded on magnetic tape, strip charts 
were made for realtime system evaluation and as a backup. The AGC 
signals were directly recorded but, to save chart paper, the two separated 
phase channels were processed to produce a dc level proportional to the 
refraction frequency. This was done by high passing the signals at 1 kHz 
to isolate the sharp edges from switchbacks and then rectifying, low 
pass filtering, and amplifying the result. This gave a broad uncalibrated 
line on the chart recorder, which is an indication of refraction frequency. 
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As a further backup and to replace the primary tape recording 
system when it failed, the composite phase signal (marked I in Fig. 2) 
was directly recorded on a cassette tape recorder. This was done only 
during days 106-109. 

As mentioned earlier, the modulator was damaged in shipment and 
never functioned satisfactorily during the experiment. An attempt was 
made to repair it in the field and testing showed it apparently was 
functioning. However, no data taken with it are recoverable without 
extremely extensive signal processing. Even then, the data would be 
highly degraded. 

In addition to the magnetic tape problems, the 162 MHz preamplifier 
in the antenna failed during this experiment. A replacement unit was 
shipped from Defense Mapping Agency in Washington, DC, but it proved to 
have a defective 150 MHz preamplifier. A list of the dynamic ranges of 
the receiver with the various preamplifiers is shown in Table II. The 
original preamplifier was used for all 150/400 MHz data and the second 
replacement for 162/324 MHz data. Two 162/324 MHz passes were taken 
without preamplifiers in the interval prior to receipt of the second 
preamplifier. The dynamic range for these passes was reduced to about 
10 dB. 
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TABLE II 

DYNAMIC RANGE OF SYSTEM 


Preamplifier 

Dynamic Range (dB) | 

150 MHz 

400 MHz 

162 MHz 

324 MHz 

Original 

25 

33 

• 


Replacement I 

5 

35 

- 

29 

Replacement II 

21 

35 

15 

29 


12 










III. OBSERVATIONS 


The data collection took place between UT days 106 and 116, 1980, 
during which 13 heating passes were observed. Due to equipment problems, 
only ten of these passes were useful. Two of the ten were taken on the 
162/324 MHz frequencies during an Interval when no preamplifier was avail- 
able for that frequency pair. Consequently, those two passes are of low 
quality. The first three heating passes were recorded on the auxiliary 
tape system, and high spatial resolution of electron content variation 
is available for these passes. Strip chart data are available on all 
passes . 

A list of the useful data passes is given in Table III. This table 
contains the satellite number in the DMA numbering system, the nominal 
rise time in UT, geometric parameters, ionospheric parameters, and 
receiving site. The geometric quantities are illustrated in Fig. 3. As 
the satellite moves, the line of sight will sweep north or south according 
to the direction of satellite motion. The receiving sites were chosen so 
that the LOS cuts through the beam of the Platteville heater as shown in 
Fig. 3. The time of first and last contact with a geometric cone 11.5® 
in angle are listed in Table III. In addition, several quantities are 
given for the time when the LOS passed directly over the heater. These 
include the time, the altitude of the LOS as it enters the cone (side 
closest to the receiver), the altitude of the beam when it exits the 
cone, and the elevation angle. 

The ionospheric parameters listed were taken from lonograms made at 
Boulder. The values were interpolated to satellite rise time from hourly 
lonograms. is the virtual height of the base of the F region. This 

should be within 10 km of the true height as there were very few electrons 
in lower layers during the night. 
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TABLE III 

GEOMETRIC AND IONOSPHERIC PARAMETERS OF HEATING PASSES 



14 























































;ONE 

;xiT 

lEATI 
BEAI 
(11.5” CONE) 



+++ 

+++ 

+++ 


ANTENNA 


FIGURE 3 

EXPERIMENTAL. GEOMETRY 


15 


AE-81-19 


A. 


Low Time Resolution Data 


The paper tape data and the chart recorder data contain the only 
usable information for passes 4-10. The paper tape data have a time 
resolution of 10 sec and contain accurate columnar electron content (N^) 
measurements but no amplitude data (except for the absence of data indi- 
cating loss of lock). The strip charts contain calibrated amplitude data 
and uncalibrated electron content data. Both of these electron content 
data can give only crude qualitative information such as the sign of 
and whether or not it is very noisy. 

In this section, a series of graphs present the low resolution 
data for each heating pass. Included are 

1. geometry, 

2. amplitude from strip charts, 

3. paper tape data, and 

4. PSL Tranet II data, if taken. 

The geometry graphs display three quantities as a function of time; the 
minimum distance from the LOS to the vertical line above the heater, the 
altitude at which the LOS enters the cone, and the altitude at which the 
LOS exits the cone. The time scale begins about 50 sec prior to the LOS 
crossing over the heater. As an additional time reference, UT minutes are 
also marked on these graphs. The amplitude graphs are presented on one 
or two pages with up to three segments per page. The time of beam crossing 
is given in the legend and the first and last contact times are marked on 
the figures. 

The last two graphs present the rate of change of the electron 
columnar content (N^). The first of these presents the paper tape data 
in an ARL:IIT standard format, usually at a 10 sec grain. The top graph 

in these figures is N in units of TECU/sec. The zero of the time scales 

c 

is given in the legend. The lower graph in these figures shows the loca- 
tion of the LOS in the ionosphere. For this purpose, the position along 
the LOS at an altitude of 350 km has been used. The ionospheric longitude 
will be essentially horizontal due to the 90® inclination of the orbit. 


lb 


Ic is also marked with a small triangle at the setting end. The last 
graph type in each set presents the PSL Tranet II data. These data 
were taken with equipment which counts the change in over 1 sec inter- 
vals. A large spike or long flat area in these data usually indicates a 
momentary or extended loss of lock, respectively. The PSL data were 
acquired for most, but not all, of the heating passes, and therefore this 
graph may be missing from some data sets. 

There are several natural and instrumental effects which show up in 
the amplitude records. First, the ionosphere to the north of the observing 
sites often had naturally occurring turbulence at night. This caused 
scintillations on the northern portion of some passes. Most passes set in 
the north, placing these scintillations at the end of the passes. The 
variations on 150 MHz are larger than those on 400 MHz during natural 
scintillations . 

In addition to scintillations, there will be amplitude variations 
due to the Faraday effect. This causes the plane of polarization of a 
linearly polarized signal to rotate by an angle proportional to the colum- 
nar electron content times the projection of S (the magnetic field of the 
earth) on the LOS. The NAVSATs and geodetic satellites were designed to 
emit circularly polarized signals to circumvent this effect. However, 
all emit elllptlcally polarized radiation, some with high axial ratios, 
and the direction of the major axis will rotate in this case. The 
receiving antenna is a sliort vertical stub, causing the received amplitude 
to vary as the semimajor axis of the elHptically polarized radiation 
changes its angle. This causes shallow nulls with long periods (minutes) 
as the moving LOS changes its N . This effect is most pronounced on the 
150 MHz signals and varies from satellite to satellite depending on the 
specific antenna. 

The short vertical antenna would have a dipole beam pattern with a 
large null above .md below were it not for a ground plane. The geoceiver 
has a bent artificial ground plane which almost suppresses the overhead 
null. Because some passes acquired data at high elevation angles, the 
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beam pattern was measured by monitoring three passes, one with a maximum 
elevation angle of 88®, one of 89“ , and one of 72“ . For the first two 
passes the antenna was In the standard position. For the last, the 
antenna was tilted toward the satellite at TCA. The 400 MHz signal lost 
lock only on the 72“ pass and the 150 MHz signal lost lock near TCA on 
the 72“ and 89“ passes. 

Finally, the 150 MHz AGC voltage occasionally makes very rapid 2 dB 
step changes. These occur irregularly and infrequently; there may be one 
or two in a pass and then none for several passes. The cause of these 
steps in the 150 MHz AGC voltage is unkr. jwn. However, they are very 
distinctive and will not be confused with propagation effects. 

1. Pass of Satellite 93, Day 106, 0418 UT 

This pass was observed from Sterling, CO. The heater was turned 
on about 10 min prior to the LOS passing through the beam on this and all 
other passes. Therefore any instabilities should have been fully developed 
prior to the probing of the heated region. 

The geometry for a direct probing of the heated region was very 
favorable on this pass, as seen in Fig. 4. The LOS traversed the beam 
over an altitude range of 300-580 km. The F region began at 230 km during 
this pass and had a FqF 2 of 7.5 MHz. The heating frequency was 1.3 times 
the peak plasma frequency. 

The amplitude record in Fig. 5 shows a small scintillation on 
150 MHz beginning at 4:25:10 UT and an abrupt drop of 5 dB at 4:26:40. 
Although it is likely that the scintillation was caused by the heater, 
neither of these features is unique to heating passes. There is a TEC 
variation beginning at 4:25:17, which is unusual for this latitude and 
corresponds to these amplitude variations. 

This pass rose in the south and set in the north. Near the 
northern end of the pass, there are very heavy scintillations on the 
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FIGURE 5 (cont’d) 
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tetimn ^ md t iHll decMilite how effective e given Irregulerity 
ie in din^tieU the etnsMi^UNiinM. Ihe B field peiott 4knm end notidneiTd. 
Aeeovdiid^ly, tte 1^ will cMe dmect ta liaim witA B Airiiigl Che 
•ottChem helf of pMe. For th^ Feee, f, the en^e between 1| eai ^ 
U>6, had e niBlaMe of 12* et 4t26t20. 


This pass was tn^hed by tite fri^t II at PSL. fhe obeecv»l 

e 

N^, stoim In Fig. 7. oive^ on urea shifts to the south of the data 
acquired in Colorado* (hie sees tte iwatwwi of tl» ocrttem uiuatortel 
anoaely cle«rly <tefii»d at about 90 sec into this pass. This pass sets 
south of the reglim of pclntillatimis observed In (kilorado. 

The satellite passed essentially overhead at PSL and was abreast 

of and 218 ka to the west of the heater at 4:27:34. There is a step in 

Che PSL TECU data at second 805 (04:29:15 UT) which nay have been caused 

by the heater. At this tiro, the LOS was 230 ka due west and abreast of 

_2 

the heater at an altitude of 620 ka. This is a step of 3.6 x 10 
TECD/sec, about one>fourth of the total loss rate at this tlae. This 
isolated step Is quite unusual, and did not occur on any of the 26 non- 
heating bad^ousd passes observed at PSL. 

2. Pass of Satellite 60. Day 108, 0650 OT 

This pass was observed froa Loveland, CO. As shown in Fig. 1, 
Loveland is just outside the geoaetrlc beaa at .in altitude of 300 ka. 

The geoaetry graph In Fig. 8 shows that the LOS for this pass entered Che 
beaa low and becaae essentially aligned with it over a large altlttde 
range at exit. The Loveland passes are therefore very sensitive probes 
of the irregularities. Unfortunately, these Irregularities were so strong 
that, on this pass, the receiver lost lock at first contact with the beaa 
and no phase (l.e., N^) inforaation within the beaa was acquired. 
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Hm «aipiiCtt4e rtcordttd in Fig. 9 didM f«AMV«s piriew 

to tte wuMiiNi dxopcMit ^ fint coateet. Th« 150 chMml hi^ «i»e 
long poriod f^ot i^ieh oeeur oftm with som Ki^lAfo. 1%w« 
du« to thB FwemdMf m>t«tioa oeeMloMllp caiwli^ tho Mj|or axdbi of t^ ; 
•illpticiilly polarisodi Mtollite si^i to be petp«idiciiler to the verti- 
eel eotemie. Of »ore releve^e ie tIM 400 MHs verietien. which begiM 
et Mbout 6sS8:3S OT and culainates in the lose of lock CU)1>) et 6s59sl5. 

Tte UtL oa the ISO elunnel wee due to the 400 iffle dropout. The 150 MBs 
eltmpe Iosm lock when the 4^ MBs is not locked for oi^r e sec<md or so 
because tue 4(M} Doppler is used in the ISO )ffls phase loop. 

The exact tiae of reacquisiticm is a function of the operator 
althou^ the signal mist, of cmirse, be strong emugh to be tracked. 

After tl» sipml was reacquired, both signals were att«iuated frra their 
preencounter levels. 

The peper tape data for this pass are shown in Fig. 10. The 
blank region around 500 sec corresponds to the dropout. The last point 
prior to the dropout contains data taken during very deep and rapid 
400 ffis fades and therefore is highly contaalnated with miltlpath and 
other inaccuracies. 

The Tranet II TEC data are sho%m in Fig. 11. In this case, 
the PSL LOS actually passed through the bean in the upper ionosphere. 

At 07:00:10, the LOS made first contact with the beam at an altitude of 
1000 ka. It made last contact at 07:03:00 at an altitude of 460 km. The 
large spike on Fig. 11 occurs just as the LOS enters the beam. It is 
ia^ssible to tell from the available data if this is a true phase measure- 
Bent implying an M^ change of 0.3 TECU, or if it is due to an amplitude 
dropout of less than 1 sec. The second phase spike occurs just as the 
I/)S leaves the cone. It appears that the heating has had some effect on 
these FSL observations. 
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FIGURE 9 

/W»LITUDE versus TIME OF NAVSAT PASS 
Upper Trace 150 Wz Lower Trace 400 MHz 
Day 108 Satellite 60 Rise 6:50 UT 

Line of Sight Crosses Above Transmitter at 6:59:37 UT 
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FIGURE 9 (cont'd) 

AMPLITUDE versus TIME OF NAVSAT PASS 
Upper Trace 150 MHz Lower Trace 400 MHz 
Day 108 Satellite 60 Rise 6:50 UT 

Line of Sight Crosses Above Transmitter at 6:59:37 UT 
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FIGURE 10 
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FIGURE 11 

DATA FROM LAS CRUCES, HEM MEXICO 


3. ywi u. B«y m. im m 

fhi« IHM <^, geO i M i t gy 

d«tail4^ la flf. 13» ia siidiar to cha pcavtoia paaa tot at Xoaat alti- 
tvdaa. Sla» tlto ia tolow tha tottm of tto F ragitmi tlia affacta 
^ald teaa Immi, aad wava, Xaaa than ^»a onroad on paaa 2. aair 
ptoaoaaa oa mm toMXvad, a mil tofera tto LM 

oroaato tto ton* 

fhia phwwancm can to M»n to Fig* X3 on tto ai^llttida tracM. 
At IIt08il2 than ia a awrath mill <m tto ISO IQc chanMl that la onr 
M dB to dapth and laata toovt 35 cm. The dnpout on 150 IBs Juat after 
tola nnoth nail la dtM to tto 4<M) IBs drtq^t. Alt^^ tto pan on this 
raeordar clog^^ joit prior to heaa mcotatar. It finctioiMd naamiably 
wall through tto toaa emalng* but tha ISO IBs A6C hto to to awltchad 
to anotoar chamial soon aftanmrda. The !Un< oa. tha ISO MBs channel at 
11:12:14 was cauaad by tha 400 MH* LOL. 

Tha 400 IBs channel was noisy durli^ tha entire first (southern) 
half of tha pass. As %rlth tha 150 IBs algnal, this lad to a total U)L 
tidoa, first at 11:(M:23 and again at 11:(^:40. Neither of these occurred 
at tto saaa ttoa as tto ISO IBs drop<M>t« Thne M^litiula variations nay 
be diM to aultlpath Interference froa field aligned Irregularities. The 
gmaral ge«Mtry for this is corr^t; a alrror lliwd up with the B field 
at an altitude of 300 to over tha heater would reflect the satellite sig- 
nal down and to the weat» l.e., toward the station. After passing to the 
north of the atatton, tto reflMtto sl^l wimld be nflected Into back 
space fnMB such a alrror. The amplitude was auch saoother after TCA» 
supporting this thesis; and the scallops prior to contact could be Inter- 
preted as a Lloyd's alrror pheoMMU>n also su^rtii^ this Idea. An 
altoi^nt beti^n the B field and the LOS does not ^pear to account for 
these dropouts, as the atol«a angle betwe«i the two occurred at 11:11:10, 
2 ala after the first dropout. The angle was 16* at that ttoa. 






FIGURE 13 ^ QUAr. 

AMPLITUDE versus TIME OF NAVSAT PASS 
Upper Trace 150 MHz Lower Trace 400 MHz 
Day 109 Satellite 68 Rise 11:02 UT 

Line of Sight Crosses Above Transmitter at 11:11:43 UT 
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FIGURE 13 (cont’d) 

AMPLITUDE versus TIME OF NAVSAT PASS 
Upper Trace 150 MHz Lower Trace 400 MHz 
Day 109 Satellite 68 Rise ll:02 UT 

Line of Sight Crosses Above Transmitter at 11:11: 


1121Z 


43 UT 


3b 


AE-81-29ib) 



Both •Ignals kept lock *■ the LOS pesand tht^>agh th« bcM. 

Juat after thlti at 11:12:14» the 4(K) Mix receiver loet lock alnoat at 
TCA| dropping out the 150 NHs with it. The elevation angle wae 78* at 
the tlM of the dropout. 

The paper tape data for this peas are shown in Fig. 14. There 
is little to note at this reaolution concerning the data taken when the 
LOS waa within the cone. Thia paaa waa recorded on the auxiliary tape 
ayatoit and the high reaolution phaae data will be diacuaaed later. 

There ia no PSL data available for thia paaa. 

4. Paaa of Satellite 60. Day 112, 0656 UT 

The geoBCtry shown in Fig. 15 indicates that this pass Juat 
baroly entered Che ionosphere as the LOS passed through the bean. The 
LOS waa Boat closely aligned with i at 7:04:10 when the angle was 21*. 

The anplitude record In Fig. 16 shows several of the features 
of the previous passes. The 150 MHz signal had several Faraday nulls 
prior to bean encounter, a step attenuation within the beam, and some 
scintillations of about 10 dB on the end of the pass, which occurred to 
the north. The 150 MHz signal appears to be at a lower plateau 9 dB 
below the rest of the pass from first contact till 7:05:55. The 400 MHz 
signal was affected swch more than the 150 MHz signal. Several 20 dB 
fades occurred from I min before first contact until 2 min after last 
contact. The 55 dB dip at 7:02:55 comes just prior to the B field LOS 
minimum angle. 

The paper cape data (Fig. 17) are the only calibrated TEC 
Bwaaurements on this pass. There is a slowing down of through the 
region of contact. If this is interpreted as a depletion, will be 
only 0.05 TECU below the anient level. This is consistent with previous 
heating passes and a major depletion v/ithln the beam given the low alti- 
tude involved. It is also consistent with a minor variation along 
Che LOS beyond the beam at a higher altitude. 
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FIGURE 14 

PAPER TAPE DATA OF DOT 
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FIGURE 16 j 

AMPLITUDE versus TIME OF NAVSAT PASS j 

Upper Trace 150 MHz Lower Trace 400 MHz \ 

Day 112 Satellite 60 Rise 6:56 UT \ 

Line of Sight Crosses Above Transmitter at 7:04:42 UT 
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FIGURE 16 (cont'd) 

AMPLITUDE versus TIME OF NAVSAT PASS 
Upper Trace 150 MHz Lower Trace 400 MHz 
Day 112 Satellite 60 Rise 6:56 UT 

Line of Sight Crosses Above Transmitter at 7:04:42 UT 
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FIGURE 17 

PAPER TAPE DATA OF N DOT 
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5. Pass of Satellite 93. Day 113. 0357 UT 


The LOS passed through the bean well into the ionosphere as 
shown in Fig. 18. The aaqilitudes (Fig. 19) did not vary greatly, although 
the Faraday null, which occurs td.thin the bean, is broadened and nore 
irregular than the previous ones. The paper tape data for the pass were 
taken at a 30 sec grain and are not shown. The Tranet II data, shown in 
Fig. 20, show no indication of the heating. As seen fron PSL, this pass 
was slightly to the west and therefore away fron Platteville. The spikes 
are typical of Tranet II data and indicate a short amplitude fluctuation. 

6. Pass of Satellite 83, Day 113, 0556 OT 

This and the next pass were taken without a preaiqtlifler. The 
receiver naintalned lock on both 162 MHz and 324 MHz through the beam 
crossing, which was at a low altitude and below the ionosphere. The geom- 
etry is given in Fig. 21 and aBq>litude data in Fig. 22. There is a LOL 
over 2 min after beam crossing: it is to the north and probably unrelated 
to the heating. The paper tape data (Fig. 23) show only a slight ir- 
regularity in the region of beam crossing. 

7. Pass of Satellite 83, Day 114, 0541 UT 

This pass south to north was also made without a preamplifier. 

In this case, the LOS passed through the beam high in the ionosphere 
(see Fig. 24). The anq>lltude charts (Fig. 25) show a sharp null on 
162 MHz just after beam crossing that probably was associated with the 
heater beam. The paper tape data (Fig. 26) show several small variations 
including a small jump in at first contact. 

The lack of large fluctuations on 324 MHz is probably the most 
significant fact about the last two passes. Even without a preamplifier, 
these passes crossed the beam in the ionosphere with little trouble. 
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FIGURE 19 

AMPLITUDE versus TIME OF NAVSAT PASS 
Upper Trace 150 MHz Lower Trace 400 MHz 
Day 113 Satellite 93 Rise 3:57 UT 

Line of Sight Crosses Above Transmitter at 4:06:24 UT 
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FIGURE 19 (cont'd) 

AMPLITUDE versus TIME OF NAVSAT PASS 
Upper Trace 150 MHz Lower Trace 400 MHz 
Day 113 Satellite 93 Rise 3:57 UT 

Line of Sight Crosses Above Transmitter at 4:06:24 UT 


45 


AE-81 -35(b) 




46 


AE-81-36 


FIGURE 20 

DATA FROM LAS CRUCES, NEW MEXICO 
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FI6URE 22 

ANPLITUDE versus TIME OF NAVSAT PASS 
Upper Trece 162 MHz Lower Trace 324 MHz 
Day 113 Satellite 83 Rise S:56 UT 

Line of Sight Crosses Above Transmitter at 6:04:49 UT 
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IMPLITUK vtrti» TINE OF NAVSAT FASS 
Upptr Tt^« NHz Uw«r Trt^ K4 
D«y 114 Sattlim 83 81st 5:41 UT 

Lint of Slgkt Crests ttovt Tr^nso^.tttr at 5:49;54 UT 
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FIGURE 25 (cofifU) 

jmsim vtfftts im w navsat mss 

i^per Trace 162 Nfe Lmier Trace 324 tMz 
Day 114 Satellite 83 Rise Si41 UT ^ 

Line of Sight Crosses Above Transsiltter at 5:49:54 UT 




8. Pass of Satellite 60 « Day 114, 0658 UT 


This pass was made about 1 h after the previous pass. In this 
case* the satellite was a HAVSAT transmitting 150 MHz and 400 MHz sig- 
nals* and a good preaoq>li£ier was in use. The LOS ran under the iono- 
sphere through the beam (Fig. 27). During contact* there were no major 
amplitude effects (Fig. 28); however* there was a significant 30 dB vari- 
ation beginning at 7:05:30. The geometry is correct for this to have 
been a multipath from a reflection in the ionosphere over the heater. 

The presence of multipath on this pass and its absence on the 
preceding pass can be explained by the geometry of the passes. The pre- 
vious pass rose at an azimuth of 146* and moved northwest* setting at an 
azimuth of 324*. A mirror above Platteville woiU.d have reflected signals 
of that pass to the west prior to TCA and not toward Fort Morgan in the 
east. After TCA* the signals would have been reflected into space. In 
the present pass (rise azimuth 190** set azimuth 355*)* the heater was 
between the satellite and the receiver throughout. 

The paper tape data (Fig. 29) show considerable turbulence after 
TCA, when the satellite was in the north, but no significant variations 
during beam crossing. The Tranet II LOS did not cross the beam as the 
satellite was vest of the station. The satellite was due west of the 
heater at the time marked on the Tranet II data in Fig. 30. 

9. Pass of Satellite 83, Day 115. 0526 UT 

The LOS from this pass went through the beam below the 
ionosphere (Fig. 31). The pass rose at an azimuth of 137“ and set at 
327* prior to TCA. Thus it had a favorable geometry for multipath inter- 
ference. However, the amplitude records (Fig. 32) show no evidence of 
multipath. The strip charts are the only available data on this pass. 
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FIGURE 28 

AMPLITUDE versus TIME OF NAVSAT PASS 
Upper Trace 150 MHz Lower Trace 400 MHz 
Day 114 Satellite 60 Rise 6:58 UT 

Line of Sight Crosses Above Transmitter at 7:07:25 UT 

56 


AE-81-44(a) 






FIGURE 28 (conf d) 

AMPLITUDE versus TIME OF NAVSAT PASS 
Upper Trace 150 MHz Lower Trace 400 MHz 
Day 114 Satellite 60 Rise 6:58 UT 

Line of Sight Crosses Above Transmitter at 7:07:25 UT 
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FIGURE 29 
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FIGURE 32 

AMPLITUDE versus TIME OF NAVSAT PASS 
Upper Trace 162 MHz Lower Trace 324 MHz 
Day 115 Satellite 83 Rise 5:26 UT 

Line of Sight Crosses Above Transmitter at 5:34:47 uT AE-81-48(a) 
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XO. of UU >llta 93. IXy 116. 0327 UT 


Th« LOS p««s«d through th« b««a Juat bclov th« boftca of th« 
lonoaph«r«( which was at 240 ka (Fig. 33). The geoaetry for aultipath 
froB beaa area turbulence waa favorable prior to TCA. The aq>litude 
record (Fig. 34), however, ahowa no aignificant variationa prior to or 
through beaa encotmter. There ia a 10 dB variation on the 400 MHs eignal 
5 ain after encounter, but thia aay be due to natural acintillatlone. 

The paper tape data (Fig. 35) ahow a very aaooth pattern throughout the 
paaa. The Tranet II data ahowa a aiailar picture (Fig. 36). 

B. High Reaolution Data 

On the firat three heating paasea and aeveral background paaaea, the 
auxiliary tape ayatea waa eaployed. Thia ayaten waa initially uaed on 
the firat heating paaa due to failure of the 4-channel aodulator. The 
aodulator waa damaged in ahipment and field repaira were not coaplete 
till the evening of day 107. In order to record aome high reaolution data 
the coBpoalte aignal (marked I on Fig. 2) waa run directly into a caaaette 
tape recorder. To establish time marks, the plug to the tape recorder waa 
moaentarily pulled out on some UWV minute marks. A log of these events 
was kept for later reconstruction. 

Because these are direct recordings (as opposed to FM) , there is no 
response below a few hertz. The dc levels of the composite signal and 
Che slower ra^s are therefore not present. However, whenever the phase 
reached 360*, the voltage of the composite aignal switched back to the 
center level very rapidly. This switchback provides a high frequency pop 
idilch waa recorded and proved to have a very definite signature. The sig- 
nal ia a da^>ed stretched sine wave with the direction of the first deflec 
tlon imlicatlng the sign of the switchback. 

A set of signal processing programs was developed to retrieve these 
data. This process, diagrammed in Fig. 37, began with the digitization 
of the data at about 4 kHz. The switchbacks were Chen identified in these 


63 



(Vi 
m 
• • 
VO 

cvi 
» • 
fO 


V 9 


^ s 

ut v> 

ec 

ZD U. 

o o 


o 

w 

at 


VO 


oe 


>1 

s 


m 

ov 


5 


at 

4 -» 

« 

1/1 


64 


AE-81-49 



FIGURE 34 

AMPLITUDE versus TIME OF NAVSAT PASS 
Upper Trace 150 MHz Lower Trace 400 MHz 
Day 116 Satellite 93 3:18 UT 

Line of Sight Crosses Above Transmitter at 3:27:41 UT AE-31-50(a) 
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FIGURE 34 (cont'd) 

AMPLITUDE versus TIME OF NAVSAT PASS 
Upper Trace 150 MHz Lower Trace 400 MHz 

Day 116 Satellite 93 Rise 3:18 UT ^ 

Line of Sight Crosses Above Transmitter at 3:27:41 UT 
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FIGURE 35 

PAPER TAPE DATA OF N^. DOT 
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FIGURE 36 

N DATA FROM LAS CRUCES, NEW MEXICO 
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FIGURE 37 

AUXILIARY TAPE PROCESSING 
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data using the relative le^Ia and locations of four peaks and the 
locatitma of five sero crossings. This prmedure ims found to have excel*- 
loat noise ismmlty (irtiich crosscorrelation didn't) and to be reasonably 
fast in execution. The output of this initial processor was a series of 
switchback tlMs; th«ie tines %fere referrcKi to the beginning of the digi- 
tising aixl were all positive. The si^ of the N change tias given to the 
tine, to avoid having another array carrying this infomatlon. 

The tines were accurate to 1 msec of time during digitising. Hoiraver, 
due to irregularities in the recording and playback cassette recorders, 
the accuracy in terns of tine in the field was considerably less. With 
only the hand-produced data gaps as a reference, it is not possible to 
obtain a good estimate of the record/playback time Irregularities. How- 
ever, the timing points indicate that these irregularities were probably 
«ich smaller than 1 sec. 

The tlsK series was next converted to an evenly spaced tine series 
at 200 Hs. This was done to facilitate processing with preexisting time 
series analysis programs. In this conversion, it was assim^d that the 
rate of change was constant between two switchbacks at one count/AT, where 
AT is the time interval between counts. The highest count rates were at 
about 20 counts/sec. The assumption of constant rate of change between 
switchbacks is certainly not true and the frequency components above the 
counting rate are contaminated by this procedure. 

Three times series were produced. One represented the counting rate 
and is proportional to the time rate of change of N^. This is essentially 
the raw data, whereas the other two are integrated versions of the raw 
data. The first integrated time series begins at zero TECU and is con- 
tinuously integrated throughout the pass. With the exception of a single 
additive integrated constant, this Is the curve. (There will be small 
errors due to the time marks but these are at known locations far from the 
beam crossings.) The third time series is a detrended version of the 
latter. A least squares fit quadratic was subtracted from the data in 
time segments 10 sec long. This will remove the effects of changing geom- 
etry and enhance the small scale, high frequency irregularities in spectra. 
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It should be iMted that these procedures will affect the high 
frequMicy rolloff of the spectra. A straight line of non-sero slope has 
a spectrin that rolls off as 1/f. The non*^etrended data are dosdnated 
by the large change over the Interval and roll off as 1/f. Most of this 
mtmtsf Is la the discontinuity between the first and last point (finite 
Fourier transforas represent the periodic repetition of the data) . The 
effect of the endpoint discontinuity can be reduced soaewhat by vliulowlng, 
but tin detrending don a better job. These procedures will leave a dis- 
continuity In the slope In the detrended data wherever a switchback has 
occurred. Since a discontinuity In slope has a high frequ^cy rolloff of 
1/f , this functional fora Is to be expected as a high frequency noise 
floor. Real effects nay rise above this floor » of course. 

1. Pass of Satellite 93 » Day 106. 0418 OT 

The geometry for this pass and a detailed discussion of the 
chart recorder data are given In Section III.A.l. This pass cut through 
the heater beam well within the ionosphere and, as observed from the 
Sterling site, the beam crossing came just prior to TCA. There were only 
minor amplitude variations prior to and during beam crossing. Toward the 
«id of the pass, there were Intense natural scintillations In the north. 

The time series frcm the auxiliary tape for this pass is 
shown In Fig. 38. There were additional problems with equliment during 
this pass which are Indicated In this figure. The cassette occasionally 
jaoB»l and stopped three times as Indicated In Fig. 38. The scallops 
early In the pass are probably due to slippage of the tape on the capstan. 
After this pass, both the brand of tape and the cassette recorder were 
changed to avoid a repetition of these problems. The integral of this 
data over 10 sec periods gives the paper tape data as expected. 

The A data show a fairly constant rate (Ignoring the scallops) 
c 

up to about second 340. The minor amplitude scintillations seen on the 
chart recordings occurred Just after this time. The data also show 
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several larte Jtflqia around the tine of beaa contact. Late In the 

pass, N becones extreaely erratic durlng^he era of Intense natural 
c 

scintillations. 

An ei^anded vlev of through the bean crossing tine Is given 
In Fig. 39. Just prior (southward) to bean entry, there la a region of 
idilch la about 0.1 TECU/sec lower than the surrounding region. Thia 
corresponds to a sharp break In the slope of N versus tine and can be 

C 

seen In Fig. 40, a detailed view of M during bean crossii^. This area 

c 

of the pass la near TCA when the curve should show a mlnlBstm. A circle 
natchlng the curve prior to the bean entry has been extended across the 
central area to approxlnate the undisturbed Ionosphere. The area bet«»een 
this dotted curve and the neasured data represents a depletion. This 
difference is shown In the lower half of Fig. 40. The depletion was about 
0.75 TECU In depth and 65 sec wide. The LOS was novlng with a horisontal 
velocity of 2.4 kn/sec at 350 km through this region; this inplies that 
the depletion extended over a north-south region of 160 km. 

There are regions of varying slopes in the depletion, but due 

to the approximate nature of the baseline curve, only rough values can be 

_2 

obtained. The beginning of the depletion has a slope of about 1.7 x 10 

TBCU/lm, while the slope at the end of the depletion Is about one-half 

this value. The total depth of the depleti<Hi corresponds to 0.4 cycles 

at 2.45 GHz, or an Increased phase range of 5 cm. The beginning and 

ending slopes can be considered optical wedges bending the beam Inward. 

The beginning slope in phase path length/horizontal distance Is 5 cm/35 km, 

or 1.4xl0~^. This Is the deflection angle in radians ai^ corresponds to 
•A 

about 10 ^ deg. The deflection from the ending slope would be about half 
this value. 

The rough lens shape of the depletion will cause Inward focusing; 
the radius of curvature was measured to be over 3.0 * 10^ km at 2.45 GHz. 
This effect will therefore be negligible. 
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FIGURE 39 

expanded view of li^ versus TIME AROUND BEAM CROSSING 
Satellite 93 Day 106 Rise 04:18 UT 


TECU TECU 



(a) N versus TIME AROUND BEAM CROSSING 
c 


TIME - sec 



(b) DIFFERENCE BETWEEN SMOOTH CURVE An."' DATA 


FIGURE 40 

ELECTRON COLUMNAR CONTENT AROUND HEATER BEAM 
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Th« d«cmid«d dactt havt bMa analyst la aavarai w^a. ?lrat» 
apMtra vara ecNqpatad for 10 aac tiam bloeka. Thla Imtth ««aa ua^ to 
avoU tha dta^mtlatiitlM batvaaa aach 10 aae ^tr«^kkl block. Croa^ of 
taa of chaBa apactra vara aaaMbla ai^rapad to r^uca tha nolaa laval. 
Thraa apactra prodvwad la thla aaaaar ara ahovn In Pig. 41. Data fctm a 
fairly qulat ragioo of thla paaa fora tlM lovaat eun^, iriilla tha i^par 
curva laclodaa tha baaa croaalat data. It ^lova a allghtly hl|^r laval 
ovarall aik« aavaral eonplcttoitt hoapa In tha 15*40 Ha raglm. Slnca tha 
LOS h^ a horl»>ntal valoclty of 2.4 Im/aac throt^h tha loMKiphara at 
thla ttoa, thla fraqnamy band corraaponda to apatlal dlnmaiona of 
40*100 a. 


Due to tha quutlaatlon ayatan uaad vlth tha rav data, apactral 
lavala at fcaquafKiaa ovar the coimtlng rata ara undaraatinataa of tha 
true lavala. Hovaver, it la obvioua fr<m Fig. 41 that thara la conaldar* 
abla anargy bayond 20 Ha, tdiich ia abova tha background level of tha qulat 

area. 


Tha laat apactrun la of tha anall aclntlllatlona prior to bean 
croaalng and natchaa tha beaa croaalng apactrun balov 10 Ha. All thMa 
apactra repreaant about the aana apatlal acalaa alnca tha LOS valoclty 
vaa about the aana. A apactrun of tha heavy aclntlllatlon durli^ tha and 
of thla paaa vaa eoaputad; Ita laval 1a about 10 dB higher than the pra* 
croaalng aclntlllatlon. However, If tha horizontal axla la adjuatad for 
tha difference In valocltlaa to co^>ara apatlal frequanclea, tha curvaa 
ara Identical bayond 2 Hz to within tha variation in tha lloa. Thla 
inpllaa that ainllar phyalcal atructuraa ware raaponalbla for tha two 
aclntlllatlona. 

The autocorrelation functlona of aach 10 aac detrended block 
ware coi^utad fron tha apactra and tha autocorrelation langtha (1/a 
polnta) detamlnad. Thane l«igtha varied greatly and avaragea of 10 
autocorrelation langtha (KX) aac of data) ware coaqputad. Tha average 
valuaa ware about 1.25 aac with a atandard deviation of about 0.3 aac 
for all caaaa except tha 300*400 aac region, which had an average of 
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Frequ«f»cy - Hz 


FIGURE 41 

TEMPORAL SPECTRUM OF DETRENDED N. 

V 

Satellite 93 Day 106 Rise 04:18 UT 
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10'^ TECU 


700 - 780 


Natural 
Scintillation 
v«3.8 laa/se^ 


Bcm Crossing 
v*2.4 km/ sec 


Precrossing Scintillation 
v«2.5 k^sec 



Quiet Area 
v-2.5 km/ set. 


Averaging Time - Sec 


FIGURE 42 

rms VARIATION Versus AVERAGING TIME 
Satellite 93 Day 106 Rise 04:18 UT 
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0*7S sec. The stailarity of these values in term of tiae Indlcetes that 
this masurment was probably doalnated by processing artifacts (probably 
the discoatinuitles In slope at tte tlaes of ttM raw data points). If the 
values had bmn siailar %ih«i an adjuso^nt was nade for differing 1X)S 
velocltim« physical structures «rauld have been the likely candidates for 
tlM doninant saehanlm. However, this does give a lomr IJait of about 
4 kn to the autocorrelation distance along the LOS notion. 

To coapute nns phase variation, the rm value of the detrended 

TECU variation over an autocorrelation distance Is required. The ms 

values were c(nq>uted In tlm wlmlows of various sires fr<m 40 nsec to 

10 sec. These values were then averaged over 80 sec. The results for 

four 80 sec cases are shown in Fig. 42. Three of these correspond to the 

spectral data In Fig. 41. The quiet case and the early scintillation 

_2 

both appear to have an asynq>tote at about 10 TECU, which corresponds to 
2* of phase at 2.45 GHz. 

The data from the bean crossing tine have a nuch hi^er ras 

and do not asymptote within the area of this graph. If a value of 

i. ^ sec Is assumed for the autocorrelation length of these data, the appro- 

_2 

prlate ms value to use muld be 1-1.5x10 TECU. The value could be 
2-3 times as large, however. If the true autocorrelation distance were on 
the order of 10 km. 

The last curve Is for the area of intense natural scintillation. 
Plotted as a function of averaging time. It lies considerably above the 
ccher curves. However, If the curves are plotted in terms of the spatial 
extent of the averaging region, this curve and the beam crossing curve 
are virtually identical. This indicates that the medium scale structures 
(5-50 km) are statlstlca. ly identical in the beam region and in the 
northern auroral area. 

2. Pass of Satellite 60, Day 108. 0650 UT 

This pass was observed at Loveland, CO, just northwest of the 
antenna beam in the ionosphere. It probed the heated region over an 
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extmslve range of altitudes as discussed earlier In Sec. Ill .A (Fig. 8). 
The receiver lost lock (LOL) at first contact and no data of any kind are 
available through the beam. 

nie hl^ resolution data for this pass are shown In Fig. 43. 
The Intuitional dropouts used to establish a time reference can be clearly 
ae«t. The crossing of the beam as well as the U)L period are also 
marked. Prior to the LOL» the signal became slightly more erratic and 
this higher level of irregularities persisted after recqulsltion for about 
SO sec. An expanded view of just prior to LOL is shown in Fig. 44 » 
where the increase in irregularity can be seen beginning at about second 
415. The integral of the data in this region is shotm in Fig. 45 » trhere, 
on this scale, the irregularity Is unnotlceable. 

Spectra of detrended during periods just before and after 
the LOL are shotm in Fig. 46. The pre-LOL spectrum is essentially iden- 
tical to the early scintillation spectrum of Fig. 41 (marked as seconds 
300-400). The autocorrelation tla^s computed from 10 sec spectra are 
similar to these of the previous pass, around 1.0-1. 4 sec with standard 
deviations of 0.4 sec. 

The ms variation in 80 sec blocks for various averaging times 
is shown in Fig. 47. The segments just prior to and after the LOL are 
plotted. In both cases, the levels are at or below the quiet level of 
the previous pass. This indicates that the medium scale (5-50 km) varia- 
tions were smaller in these times than in the previous pass. No statement 
can be made about Che region within the beam. 

3. Pass of Satellite 68, Day 109. Rise 1102 UT 

This pass was also observed from Loveland, CO. However, the 
LOS stayed below the F region as it cut through the heater beam. The 
equipment maintained lock through beam crossing, but lost lock soon 
thereafter. 
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FIGURE 43 (cont'd) 

versus TIME FROM AUXILIARY TAPE SYSTEM 
c 

Satellite 60 Day 108 Rise 06:50 UT 
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AE-81-59(b) 
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figure 44 

expanded view of JUST prior to beam crossing 

Satellite 60 Day 108 Rise 06:50 UT 


I r 

lO 


seconds 


FIGURE 45 

Hf. versus TIME JUST PRIOR TO BEAM CROSSING 
Satellite 60 Day 108 Rise 06:50 UT 
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Frequency - Hz 


FIGURE 46 

TEMPORAL SPECTRUM OF DETRENDED 
Satellite 60 Day 108 Rise 06:50 UT 
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Th« auxillAry tapa data are shown in Fig. 48, where several 
LOL*s prior to and after bean crossing, as well as the first and last 
contact with the beams, are narked. Visually, the data appear to get a 
little noisy just prior to contact, but not nearly as erratic as during 
a natural scintillation at the end of the pass. An expand^ view of the 
crossing region Is shown In Fig. 49. The crossing Itself was smooth com- 
pared to the region Just prior to It. The Integral of these data, N , is 

c 

slK>wn in Fig. 50. As expected, no obvious irregularities or large struc- 
tures are visible. It should be remoabered that, through beam crossing, 
the LOS Is below the ionosphere and awspling the ionosphere to the east 
of the heater. 

The spectra of the detrained during and just before beam 
crossing are shown in Fig. SI. The beam crossing spectrvmi Includes the 
noise Just prior to entry while the other spectrum is of a quieter region. 
The beam has clearly Increased the small scale turbulence in the Iono- 
sphere south and east of the beam. 

Averages of the rms variation for various averaging times are 
ahoim in Fig. 52. The lowest curve is for the quiet reference region whose 
spectrum is given In Fig. 51. The next higher curve Is for the beam 
crossing region and the last two are for scintillation regions. The 
highest is of a natural scintillation near the end of the pass and the 
other is of the noise Just after the end of LOL. This latter curve Is 
probably sampling beam induced turbulence. 
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FIGURE R9 

expanded hen of n^ during oeam crossing 
S atellite 68 Day 109 Rise 11:02 UT 


X 



seconds 


FIWRF, 50 

versus TIHE DURING BEAM CROSSING 
Satellite 68 Day 109 Rise 11:02 UT 
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FIGURE 51 

TEMPORAL SPECTRIW OF DETRENDED 
Satellite 68 Day 109 Rise 11:02 UT 
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IV. ANALYSES OF RESULTS 


There are two principal observations from these data! (1) the 
F region within the beam has fewer electrons than the surrounding volume, 
and (2) there are small scale irregularities high in the F region which 
give rise to scattering and multipath. These lead to the following 
simple model. Energy is being deposited in the F region, either directly 
or from the E region, which causes the electrons to expand as a free gas. 
The electrons travel up the field lines causing turbulence, especially 
at higher altitudes where the perturbation vill be a greater percent of 
the bacVground. Because the data are sparse this model is simple and 
qualitative. 

The observations, independent of this model, can be used to predict 
some effects on the pilot signal. Ibis, of course, assumes chat the 
proximity of the heating frequency to the peak plasma frequency is not an 
important feature. The depletion within the beam will cause a focusing 
of the beam with possibly a small net deflection. The turbulence will 
cause scattering of the power beam and Induce phase noise on the pilot 
signal . 

A. Effects of the Depletion 

The depletion was only observed on the first pass at Sterling. The 
other two passes for which high resolution data are available did not 
see a depletion for explainable reasons: the first Loveland pass, which 

probed the F region, lost lock immediately on entry, and the second 
Loveland pass went below the F region through the beam. 

The measured depletion was about 0.75 TECU in depth and the LOS 
extended through the beam over a distance of 230 km. The reduction at 
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the center of the depistion represents an average reduction in density 

4 3 

of 3.3 X 10 el/cm . The Boulder ionogram shows a of 7.5 MHz with 

a peak altitude at about 450 km. This represents a peak plasma density 

5 3 

of 7.0 ^ 10 el/cm . The ratio of the average depletion to the maximum 
densl ^ is therefore 5%. Allowing for the variation in density with 
altitude, a uniform relative depletion of as high as 10% would be required, 
depending on the sharpness of the F region peak. 


To examine the effects on the SPS configuration, it will be assumed 

that there is a 10% depletion with a horizontal extent of 80 km on each side 

of the beam center. In the afternoon, with a vertical columnar electron 

content of 100 TECU and at an elevation angle of 60®, the center of the 

depletion would be 12 TECU in depth. This represents 6.6 cycles at 

2.45 GHz or an Increased phase range of about 80 cm. If this 80 cm were 

to decrease linearly to zero over a distance of 80 km, the angle of the 

-4 

wedge it formed would be 6 10 deg. If the depletion decreased 

quadratically over the same distance, it would form a lens. The radius 
of curvature of the parabolic lens is 


where h is the horizontal distance over which the range of di'^ferences 
changes from the maximum to zero. For this case, h is 80 km, Al, the 
maximum range difference, is 80 cm, and R is 4 10^ km. 

It is clear that neither the deflection nor the focusing caused by 
the maximal depletion inferred from these measurements will significantly 
affect the SPS power or pilot signal. 

B. Scattering and Phase Noise 

The irregularities caused by the heating will cause energy to be 
scattered from the power beam and phase noise to be imposed on the pilot 
signal. The Irregularities from the auroral scintillations observed 
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on day 106 caused more amplitude and phase fluctuations than any of the 
heating passes which maintained lock through the beam. Many auroral 
region scintillations do cause loss of lock in geoceiver data. Therefore, 
it is fair to say that, whatever irregularities are produced by the heater, 
they are less intense than auroral Irregularities. 

The one good measurement of the beam turbulence indicates that 
there is considerable energy in the scale region below 100 m (see Fig. Al). 
This is on the order of the Fresnel size for the pilot beam as viewed 
from earth. Therefore, this turbulence will not be significantly averaged 
out but will contribute to phase noise on the pilot signal. 

Autocorrelation lengths of 2-4 km obtained earllci may be dominated 
by instrumentation artifacts. If not, the rms electron content variation 
in the beam car be found from the area near 1.0 sec on Figs. 42 and 52, the 
beam crossing data. This value is greater for the case shown in Fig. 42, 
where the beam probed the ionosphere in the F region. For that case, the 

_3 

rms N variation is 7.5 10 TECH. This corresponds to 1.5° of phase .it 

c 

the SPS frequency. 

If one wishes to allow for a larger autocorrelat ion distance, this 
figure may double. Allowance must also be made for the fact that these 
measurements were made during the early evening and the maximum daytime 
plasma density could be twice the value measured here. Therefore, an 
overall factor of four should be applied to obtain a conservative 
overestimate. This implies that the rms phase variations at a point on 
the SPS due to turbulence induced by the power beam are likely to be less 
than 6°. 

This error will be correlated with other receivers on the SPS. 

Chernov^ has shown that the spatial autocorrelat ion of phase function 
will be very similar to the autocorrelat ion function of the irregularities. 
An estimate of phase error over 1 km can be t ound 1 rom the rm.s varia- 
tion corresponding to I km on Pig. 42. This will be .it 0.4 sec .since the 
velocity of the LOS was 2.4 km/sec. The value at this point Is 
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2.5 X 10 TECU which corresponds to 0.5° of phase at the SPS frequency. 
This measurement needs to be scaled up by a factor of two In order to 
account for the daytime increases in electron density. Thus, the rms 
variation in phase difference to be expected between points 1 km apart 
on the SPS is about 1.0°. 

The scattering of the energy out of the beam is a potential problem. 

The evidence from this experiment is highly qualitative, but suggestive. 

On four passes (numbers 2, 3, 4, and 8), there is evidence of multipath 

interference from field aligned turbulence high in the F region over 

the heater. This indicates that sharp edges have formed and these are 

significant irregularities at a few meters scale length. The high 

resolution N data do not contain clear evidence of this, although it 
c 

may be below the noise floor of the equipment. 
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RELATIONSHIP OF REFRACTION CORRECTION COUNT TO COLUMNAR El-ECTRON CONTENT 



The Navy navigation satellites contain coherent radio beams at 
150 MHz and 400 MHz. Some geodetic satellites contain similar beacons 
at 162 MHz and 324 MHz. The upper or UHF beacon la used to determine 
the Doppler curve during a satellite pass. These data are then used 
(1) to determine the receiver's location given the satellite position as 
a function of time, or (2) to determine the satellite position as a 
function of time given the receiver position, or (3) for some other 
purpose, such as measurements of propagation effects. Because these 
radio waves must pass through the ionosphere where the refractive index 
is significantly different from unity, the lower frequency or VHF signal 
is included as a probe to measure the ionospheric quantities necessary 
to correct for propagation effects. 

The refractive index in the ionosphere can be approximated at these 
frequencies by 


n = 



y 


where 

n is the refractive index, 

N is the electron density, 
f is the frequency, and 
A is 4.03 X 10^ Hz^/(el/cm^) . 


The phase observed on the ground, will be 

2tt 


I 


nds + 2nft 


^jf 

c 


{ /l ds - /Ndsj 


+ 2 Ti f c 


— R + ~ N + 2TTft 
c etc 


( 1 ) 


( 2 ) 


100 


where R is the slant range and 


N 

c 



Nds 


is the columnar electron contant. The frequency observed will be 


(3) 


= I.. ^ 

obs 2fT dt 


f _ I K + N 
c c f c 


(M 


This expression contains two terms proportional to f and one proportional 
to 1/f. The former two contain tlie geometric information needed to 
determine relative positions, and the latter contains the effects of the 
medium. 

In the geocelver, two signals are received and a quantity proportional 
to the last term in Eq . (4) generated. Let >1',^ be the UHE phase and tfy be 
the VHF phase. Then the combination 




Ri:c 




is formed and counted. Tl.c result is the Rt'(' . The constant varies 
between the two frequency pairs and is 1/2 for the 150 MH?,/4nn MH?. 
frequency pair and three for the 162 MH7./324 MHz pair. 

A change in of 2r generates one refraction iurrection count 

I\0 Cy 

and represents a change In N of -3.25 10 TECU for the NAVSATs and 

_7 

-2.68 X 10 " TECU for the geodetic satellites. A total electron content 
19 9 1 ^ 

unit, TECU, is 10 el/cm‘, or 10 el/m\ 
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